INTRODUCTION
If the subsequent white light is made to fall on a part adjacent to the retinal area pre-illuminated by red light, the excitability curve is obtained whose maximum lies at 1 sec., and it is obviously in character complementary to the curve obtained in the case of direct induction. This is the phenomenon of indirect induction. In this case, the red light, while acting on one part of the retina, induces a complementary or " bluegreen " process in the adjacent area. Thus the process so induced plays the same role as blue-green inducing light in the experiment of successive induction. Accordingly the adjacent area tested by the white light yields an excitablity curve with a maximum at 1 sec. Similarly, when yellow, green and blue lights are used as inducing lights, the excitability curve obtained has a maximum at 1.5, 2 and 3 sec. respectively. The question now arises as to how the magnitude of induction depends on the interval between the two lights when the inducing light is of shorter duration.
In Fig. 1 , the dependence of excitability curves on the time interval between the two lights is illustrated.
The curve connecting open circles in this diagram represents the ex citability curve for the white test-light alone, and the other curves refer to the data obtained with various time intervals between the red inducing light and the subsequent white light. The white light was made to fall on the adjacent area of the retinal part illuminated by the red inducing light. The duration of both illuminations was 40 msec . As can be seen in this diagram, the excitability curve becomes lower as the time interval between the two lights becomes shorter, but each curve has a maximum at 1 sec. When the interval is reduced to 60 msec ., the curve obtained almost coincides with the curve for the white light alone. These examples indicate that the magnitude of induction, that is , the difference from the control curve increases as the interval between the two flashes is lengthened . In other words, some time has to be allowed for induction to develop in full extent. Thus, it has become clear that the time course of develop ment of retinal induction can be studied by varying the time interval Ordinates : percentage increases of electrical excitability above resting level. Abscissas : time in sec. after end of pre-illumination.
The white test-patch was presented at a distance of 1 mm. from the margin of inducing patch. Exposure times for both patches were 40 msec.
between the two flashes of inducing and test lights.
As to the procedure for determination of electrical sensitivity the previous papers')" should be consulted.
The patches used for illumination consisted of a plate of ground glass covered by a sheet of black paper, from which two figures were cut, as are shown in Fig. 2 , with patches drawn in broken lines I and T. The patch I is an inducing patch covered with a gelatin filter, and the T is a white test-patch 2 mm. in diameter. The gelatin filters used for the inducing patch were of the following characteristics. The range of transmission, tested spectroscopically with the light-adapted eye, was 600-650 my for the red filter, 530-630 my for the yellow filter, 500-600 my for the green filter and 430-500 my for the blue filter. These patches were presented in a vertical plane in front of the subject, the distance between the vertical plane and the eye being always 30 cm. The two patches were illuminated uniformly from behind with white light of 100 lux measured with a luxmeter. A pendulum of sector type, as shown in Fig. 2 of eye of the subject.
By varying the distance between the two slits, the time interval be tween the two stimuli could be controlled. The subject had to catch the pendulum each time by his left hand lest it should swing back. Furthermore, after his response to an electric test stimulus, he had to bring the pendulum back into its elevated position. The interval between the two flashes and their duration were calibrated with a photocell and an oscil lograph. Two examples of the calibration curves are shown in Fig. 3 . Fig. 3 . Records used to calibrate exposure time.
Time mark : 100 cps .
The fixation point of the eye was placed several mm. below the white test-patch. Other procedures will be described together with the results.
Results
Data are illustrated in Fig. 4 , in which ordinates represent the con trast effects (C. E.), and abscissas the time interval between the two flashes. The contrast effect (C. E.) is defined as the difference between the maximal ordinate of the excitability curve obtained by the inducing procedure and the corresponding ordinate of the control curve for white light alone. The curves marked by crosses and by triangles in this dia gram refer to the red and yellow inducing lights respectively. These curves indicate that indirect induction makes its appearance 20 msec. after the end of the inducing flash. Re In all the experiment mentioned above, indirect induction was measured in the immediately adjacent area of the retinal part illuminated by colored light. The following experiment was undertaken in order to measure the indirect induction established in a region remote from the retinal part illuminated by the colored light. As can be seen in inset of Fig. 5 , the white test-patch was displaced step by step from the margin of the inducing patch. Red light was used as the inducing stimulus. In Fig. 5 data obtained at distances 0, 1, 2, 3 and 4 mm. from the margin of the inducing patch are represented by crosses, empty circles, triangles, solid circles and squares, respectively. As is shown in this diagram, the greater the distance from the inducing patch, the longer the latency of indirect induction. Moreover, indirect induction becomes weaker as the distance between the two patches increases. These facts may be explained as follows : 1) It takes certain time for indirect induction to be propagated from the retinal area illuminated by the colored light to the point at which indirect induction is measured. This accounts for the longer latencies with increasing distances. 2) The intensity of induction decreases as it is propagated, and this accounts for the decreasing magnitudes of induction with increasing distances. The following quantitative treatment will strongly support this interpretation : Drawing a horizontal line of a definite C. E. value, say 5, and determining the point of intersection with each curve in Fig. 5 , a series of time in tervals are obtained at which the magnitude of induction at each measuring point attains the definite value. When the distances from the inducing patch to the measuring points are plotted against the time intervals so determined, a straight line is obtained, as is shown in Fig. 6 . The straight lines marked by crosses and by triangles refer to the C. E. values 15 and 20, respectively.
It is apparent that the slope of these straight lines represents the velocity of induction, and that the velocity is uniform throughout propagation. The fact that the three straight lines for C. E. values 5, 15 and 20 run parallel indicates that the same velocity is obtained whatever phase of propagation may be used for its determination. The velocities of induction computed from the straight lines labeled 5 and 15 are found to be 29 and 31 mm./sec. respectively, 30 mm. /sec. on the average.
When the posterior nodal distance of the eye is assumed to be 17 mm., a mean retinal velocity of 1.69 mm./sec. is obtained.
It is to be noted that this value is in close agreement with that determined by Motokawa5) with a quite different method of approach ; he used " neutralization of retinal induction " for measurement of the velocity and obtained 1.7 mm./ sec. on an average. and T. Aizawa DISCUSSION As is shown in Fig. 5 3. At various distances from the area illuminated by colored light, development of indirect induction was measured, and it was found that the development is delayed in proportion to the distance . From this relation the velocity of spread of indirect induction was determined.
The velocity was found to be 1.69 mm./sec. in the retina in complete agreement with the value determined by Motokawa with another method.
